In linear accelerators the maximum achievable beam current is often limited by the Beam Breakup (BBU) B0 probe signals from all locations were simultaneously measured using 1 GHz bandwidth oscilloscopes . This data along with simultaneous beam bug data provided a complete characterization of each shot. In this manner pulse-to-pulse variations in beam profile and current could be accounted for.
Data Analysis
The experimental data is compared against the results of a computer code which employs the single mode theory of Neil, Hall and Cooper to calculate the growth of the instability. Each accelerating cavity is characterized by three parameters; the angular frequency of the dominant mode w, its quality factor Q and its transverse shunt impedance Z /Q. The tickler experiment is basically an attempt to obtain a dynamic measurement of Zl/Q and Q while the cavities are being operated in the ETA accelerator.
The code utilizes solenoidal transport which is able to incorporate the accelerator "tune" or actual axial variation of the magnetic field throughout the accelerator. In the calculation the accelerator is divided into small (-4 cm) cells characterized by a constant magnetic field. The actual transport from cell to cell is represented by a 4 x 4 matrix which approximately treats the effects of fringing fields. The code models the variation of beam energy through the pulse by imposing a parabolic variation of y such that at the beginning and end of the pulse the energy is down to 80% of its value at the middle of the pulse. The results obtained are not very different from the case of constant energy throughout the pulse. The energy of the beam as it exits the injector is an input parameter to the code as is the energy increase to the beam imparted by each cavity. The measured temporal profile of the beam current is input from digitized and smoothed beam-bug measurements. The results were not sensitivv to the detailed shape of the current pulse, only to its amplitude.
The beam is assumed to be on center when it exits the injector. Because the tickler cavity is grossly asymmetric the effective displacement of the beam from the cavity center is 7.3 cm. The actual beam centroid is within 1 cm of the pipe axis at that axial location. The precise level of BBU impressed on the beam by the tickler in the code is not important since it is the ratio of the downstream BBU amplitude to the upstream BBU amplitude that is compared to experiment. In order to facilitate this comparison the code calculates the voltage waveforms that the rf loops at various positions down the accelerator should produce. Peak amplitudes are read off from each of the two sets of four rf loops. The 4 peak readings at each axial location are averaged and the gain computed. This figure is then directly compared with averages of several shots at each frequency. Fig. 4 shows the experimentally determined gain vs. frequency. Each data point is the average of from two to five shots.
Since the beam current actually decreased from approximately 9.7 kA to 8.5 kA through the accelerator the code runs were done with two different current values at each frequency. The average current at the beginning of the accelerator for that frequency was used to bracket the gain from above and the average current at the end of the accelerator was used to bracket the gain from below. The best fit was obtained with ZL/Q = 6 ohms and Q = 7. The input and KGauss -sec/(kamp-ohm).
The preliminary rf noise measurements on the ATA injector indicate that % 1-.8 x 10 cm, comparable to the lowest ETA value observed. Taking ZL/Q to be (6 -7) + 1 ohms and Q to be 4 + 1 for ATA the code projections are shown in Fig. 5 
